This research helps us understand the real estate cycle and offers an analysis using a vector auto regression model. We study the key international cities of Hong Kong, Kuala Lumpur, and Singapore. We find four key outcomes. One, the real estate cycle is generally different from the underlying business cycle in local markets for the cities studies. Two, the real estate cycle is more exaggerated in the construction and development areas than in rents and vacancies. Three, the vacancy cycle tends to lead the rental cycle. And four, new construction completions tend to peak when vacancy is also peaking. We believe that future research should try to help us understand the linkages that drive these outcomes. For example, are rigidities in the local permit and construction markets responsible for the link between construction peaks and vacancy peaks?
Introduction
The real estate market is known to be cyclical. This cyclicality is a function of several intertwined underlying factors that interact to create the long and short-run real estate market cycles which cause capital values (CVs) and rentals to vary over time. This implies that the cycles and the numbers (CVs, rentals, cap rates, etc.) are signals which only the wellinformed and insightful real estate analysts and investors can utilise to their advantage.
Therefore one can safely say that the real estate market cyclicality can be a blessing or a curse to the market participants depending on their levels of sophistication and understanding of the cycles. Furthermore, given that real estate investors are infatuated with market numbers which have attracted many international investors to the real estate markets of some Asian cities, it is very important for these investors to have at least a certain minimum level of appreciation of the factors that create the numbers, especially CVs (the price that the market will pay for a unit of real estate asset) and rentals. This particular inquiry, known as price discovery, is taken from the literature on asset market micro-structure.
Price discovery is the process by which the opinions of market participants on the value of a real estate asset are synthesized into a single statistic -market price. In the real estate market context, Geltner and Miller (2000) denote price discovery to be the process by which asset market prices are formed through the discovery and incorporation of relevant information on asset values by market participants. Where two markets have a common component of value, the relevant price information is discovered first in one market and then transmitted to the second market (Geltner, MacGregor and Schwann, 2003) . The process is enhanced by liquidity and information efficiency in the real estate market. Illiquidity fosters the widespread reliance on appraisals for real estate values which results in the problem of appraisal smoothing (appraisal lag). This paper focusses on price discovery in the private direct real estate market where heterogeneous assets are traded in dispersed local markets, and transactions (especially prices) are shrouded in confidentiality. Such conditions increase information asymmetry to inhibit the process of price discovery in the real estate market. Thus, given the peculiar nature of the real estate asset and the market in which it is traded, demand and supply for real estate space could be moving towards, or away from, equilibrium at any moment owing to long lead times for space construction, as shown in the following equations: QD = f (Rt, UNeed)
(1) Qs = f (Rt-1, Cost)
Rt = f (Rt-1, VR)
Demand (QD) is determined by the rental (Rt) of real estate space and the underlying need for space (for e.g. office employment). The supply of real estate space (Qs) is influenced by the previous period's rental for space (Rt-1) and the relative cost of producing it. Similarly, rental is related to the previous period's rental (Rt-1) and the vacancy rate (VR).
Of scholarly interest is the capability of statistical, stochastic or empirical functions to generate and explain the process of the CVs and rental formation. These process-generating functions constitute the quantitative aspect of the real estate price discovery process where the information efficiency is analysed in detail. CVs and rents can be well-formed through the discovery and incorporation of relevant information, including the underlying real estate demand and supply, the macro-and micro-economic factors if available, by the market participants. On the whole, real estate sectors differ in information efficiency. Thus, there are varying temporal lead-lag relationships in the CV, rent and fundamental market factors for real estate sectors of the various cities in the Asia region.
The existence of autocorrelation for direct real estate as opposed to indirect real estate suggests that the former does not quickly respond to new information. Guirguis and Vogel (2006) highlight the importance of considering asymmetry in real house prices to avoid model misspecification. They reiterate that such prices exhibit some price rigidity, reacting more readily to positively lagged changes than to the negative lagged changes in prices.
Consequently, the inherent market cyclicality of the real estate sector should reflect the adaptive behaviour of market participants, i.e. the real estate developers, landlords and tenants. We attempt to address these concerns through a formal modelling of a system of articulated supply, demand and construction models to throw more light on the real estate market cycle dynamics of Hong Kong, Kuala Lumpur and Singapore. The theoretical model for this purpose is envisaged to be a complete dynamic model system of the real estate space market, comprising a unique system of six linked equations that denote the relationship among supply, demand, construction, vacancy and rent over time, as well as price response slopes and lags (see Rosen, 1984 and Wheaton, 1987) . The complete dynamic model system of solely real estate variables will accordingly highlight the following key features:
 The real estate market cycle could be different from, and partially independent of, the underlying business cycle in the local or domestic economy. Such a key feature is consistent with the study by Leung and Chen (2006) that concludes that real estate cycles can be intrinsic. Their dynamic general equilibrium model demonstrates that the price of commercial real estate, denoted as "land" in the model, can display cycles even with constant fundamentals.
 The real estate market cycle may be more exaggerated in the construction and development industry than rents and vacancy.
 The vacancy cycle tends to lead the rental cycle slightly.
 New construction completions tend to peak when vacancy peaks.
The model can be specified and estimated through econometric technique like the vector auto regression (VAR) model. Other techniques that could be utilised to specify the model may include the well-known two-stage least-square model (2SLS) and seemingly unrelated regression (SUR) model, the dynamic factor model (DFM) by Forni et al. (2000 and and the spectral density model for the cyclical association of residential price and consumption by Sun et al. (2007) . Another pertinent specification is Lettau and Ludvigson's (2004) vector error correction model (VECM) which utilizes US data in a permanent transitory variance decomposition framework to disaggregate the trend and cyclical effects that consumption has on asset values. We use the VAR model specification as it gives insights into the effect of the lagged values of all the variables in the model (Ho and Cuervo, 1999; Ho, 2005 and 2007) . Such formal modelling should also enable the explicit and rigorous quantitative forecasts of say rents and CVs when the rest of the variables are forecasted beforehand.
The Theoretical Model
Studies by Abraham and Hendershott (1996) , Wheaton (1990) and Sivitanidou (2002) conclude that the office sector is affected by wide deviations of prevailing rents (and other price variables) from the implicit long-run equilibrium rent. Such wide deviations subject the office sector to persistent disequilibria in the short-run. Thus it is reasonable to expect that 'bad' and 'good' equilibria would prevail in the office, as well as the broad direct real estate, market. In the short to medium-run, excess demand/supply in a 'bad' office sector market equilibrium slowly adjust towards 'good' equilibrium in the long-run. The underlying dynamics of this slow adjustment process can be primarily attributed to several price and non-financial structural relationships in the market. These relationships may include real estate specific factors, macroeconomic factors and the self-adjusting error corrections at work in the short-run.
DiPasquale and Wheaton (1992 Wheaton ( , 1996 conceptualize a 4-quadrant representation of the two important linkages between two markets that are in long-run equilibrium to propose a dynamic model based on stock-flow theory. In the short run, tenants' space needs (demand)
as well as the types, quantity and quality of available stock of space (supply) interact to determine the rents for real estate in the space market. The price for space as an asset (which invariably is the sum of the discounted values of all anticipated rentals) relative to the cost of replacing or constructing space is a major determinant of the annual flow of new stock to the real estate market in the long run According to their model, market prices should equate replacement costs in the long run where competitive equilibrium prevails in the space market.
In the long run, adjustments to stock occur slowly over time in response to short-term prices given the relatively long construction period. While the model is simple in terms of its variables, it poses problems when an attempt is made to link the short and long run effects as the model does not account for the intermediate stages of the market's movements towards its new equilibrium. Thus a dynamic system which depicts the intermediate adjustments of the market is required to address the limitation of the DisPaquale and Wheaton's (1992 Wheaton's ( & 1996 model.
The first two equations in a complete dynamic model system for the real estate space market should denote the supply side of the market. Eq (4) models construction completions and rents prevailing in the real estate space market at the commencement of construction projects.
(4)
C(t) is the amount of new space completed in period t. R(t-L)
is the rent prevailing in the market in t-L (L being the number of lags) while K is the trigger rent which is defined as the replacement cost rent above which new construction will be started. Furthermore Eq (4) assumes that there is no retirement of property, i.e. demolition rate is zero.
As buildings take time to construct, there is always a time lag between when construction decision is made and when new supply (building completions) reaches the market. For example, it takes about two years from the date approval is received from the competent authorities for an office development to be completed in Singapore. Therefore data series for total completions can be adjusted two years in advance to estimate the subsequent correlation with expected returns. The office space start rate can then be expressed as in Eq (5).
Office Space Start Rate = b1Expected Returns Rate -Demolition rate
The completion factor is assumed to be typically growing at say 5% per quarter during a steady economic state for a matured office sector such as Singapore. Demolition is assumed to be 'zero' (rather than growing much more slowly at say 2.5% per quarter) as all new 
Eq (7) relates the amount of space that potential users would currently like to occupy, D(t), to the current rent level, R(t), and the current level of underlying need, N(t). Assuming that it takes one year for space users to realize the level of space usage demand (due, for example, to the time required to find the necessary space and/or get out of leases in the case of reductions in space demand), Eq (8) equates the amount of space actually occupied at time t, OS(t), to the demand in the previous year, D (t-1) .
The ninth equation defines the vacancy rate, v(t), as the fraction of the currently available stock of space that is currently unoccupied. It must be noted that the variables on the righthand side of Eq (9) are the outputs from Eqs (6) and (8). (9) Eq (10) depicts the rental pricing behaviour of landlords who are assumed to raise or lower rents in response to perceived contemporaneous vacancy rates. If current vacancy rates, vt, are above the natural vacancy rate for the market, V, then landlords will reduce rents. If current vacancy rates are below the natural vacancy rate, V, then landlords will raise rents.
The sensitivity of rental to vacancy rate deviations from V is denoted by the response parameter λ in Eq (10). It is assumed that it takes a year for landlords to respond effectively to changes in the market, perhaps owing to the difficulty in accurately interpreting the market or sluggish response to the market.
(10)
The VAR Model Estimation
According to Sims (1980) and Stock and Watson (2006) The office CV, the quotient of the actual office rent and the initial yield, is the current market value for prime office space per year. This is a dynamic value as it changes over time in relation to the yield and rent.
CV or Asset Price = Current Market Rent/ Initial Yield
Initial yield, also known as the overall capitalization rate, is the income rate for a total real property interest that reflects the relationship between a single year's net operating income expectancy and the total price or value of the real estate asset (property) being valued. The yield is essentially a combination of rental growth rates and rates of rental return. It is the implied growth rate that determines the CV or price of the property. This implied growth rate that is embedded in a particular real property transaction is a function of market expectations.
Furthermore, the yield reflects the risk associated with a particular investment property. It is a dynamic, common market measure by which investment properties can be compared. The relationship between value, a single year's net rental income, the expected total return rate and assumed constant annual growth in rent, g, is depicted by the Gordon constant-growth model for a generic investment, Eq (14): (14) where r is the expected total return (% p.a.) and $a is the first year's net income. Altyernatively, V can be expressed in another way by restating Eq (13) as:
, where y is the income yield, the initial income divided by the CV.
Equating the Eq (14) to Eq (15) and simplifying gives Eq (16)
Thus, the yield is the difference between the expected rate of total return and the anticipated rental income growth rate. This rule-of-thumb relationship serves as a useful criterion for verifying whether the rental growth rate for any particular period is line with market expectations.
It can be readily observed from The results of the office rental VAR model estimation for Singapore, Kuala Lumpur and Hong Kong are presented in Table 3 . Of interest are the estimated coefficients and t-statistics for the right-hand-side (endogenous) variables for the SOR, KOR and HOR models presented in the models' respective columns. The adjusted R-squared for each model exceeds 0.9 to imply good fits for the three office rental models, i.e. SOR, KOR and HOR. The corresponding low values of the Akaike and Schwarz information criteria indicate that the three office rental models are correctly specified. Rents and vacancies in the HOR model are negatively correlated as expected. The results in Table 3 show that HOR for any quarter is inversely related to the preceding quarter's vacancy rate (HOV(-1)). In other words, when vacancy rate increases/falls in Quarter 1, rent will fall/rise in Quarter 2. This inverse relationship between Hong Kong Office rent and vacancy is statistically significant at the 0.10 level of significance. Similar result Applies to the Kuala Lumpur office rental market although the statistically significant inverse relationship exists between office rent and the preceding two quarters' office vacancy rate (KOV(-2), Table 3 ). However, there appears to be no statistically significant relationship between vacancy and rent for the Singapore office rental market (Table 3) . Similarly, the results in Table 3 reveal that new supply of office space (HOC, KOC and SOC) does not appear to have any statistically significant impact on office rental for the three markets. Another notable finding from the results in Table 3 is the positive statistically significant relationship between two consecutive quarters' rents for the three office markets (HOR(-1) -HOR; KOR(-1) -KOR and SOR(-1) -SOR). In other words, the rent for one quarter presages the rent for the succeeding quarter. Table 3 Here
The results of the corresponding office CV VAR model estimation for Singapore, Kuala
Lumpur and Hong Kong are presented in Table 4 . The adjusted R-squared values are also found to be in excess of 0.9, implying good fits for the three office CV models, i.e. SOCV, KOCV and HOCV. Similarly, the corresponding low values of the Akaike and Schwarz information criteria indicate that the three office CV models are correctly specified. In the HOCV model, CVs and the initial yields are negatively correlated (apart from Hong Kong) as expected and significant for certain lagged relationships with other variables and CVs themselves. The other models for the rest of the endogenous variables are provided for reference.
As a check on the appropriateness of the unrestricted VAR model of office rental, vacancy and net new completions for the three cities concerned, the diagnostic graph of the inverse roots of the characteristic polynomial is presented in Figure 1 . The estimated VAR is stationary and stable, as all the roots have modulus less than one and lie inside the unit circle.
A similar graph with the same favourable diagnostic result is exhibited in Figure 2 for the VAR model of office CV, the initial yield and net new completions for Singapore, Kuala
Lumpur and Hong Kong. The appropriate lag order of the unrestricted VAR office rental and CV model estimations and their endogenous variables for the three cities is based on several criteria as shown in Tables 5 and 6 . The selected lag order of two from each column criteria is highlighted and marked with asterisk "*" in Tables 5 and 6 . The associated dynamic lag structure of the estimated and stationary VAR is also depicted. A period of 28 quarters (i.e. 7 years) is specified to mirror a typical medium term real estate market cycle. Source: Authors and EViews6, 2011. 
Fig 5. Impulse Response Functions for the Endogenous variables -HOCV HOY HC KOCV KOY KC SOCV SOY SC
Fig 5 consists of a series of graphs that depict the impulse response functions that help to simulate the behaviour of the real estate cyclical market dynamics, via tracing the effect of a one-time shock to one of the innovations on the current and future values of the endogenous variables. The associated dynamic lag structure of the estimated and stationary VAR is also depicted. 28 quarters (i.e. 7 years) is specified to mirror a typical medium term real estate market cycle. Source: Authors and EViews6, 2011.
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Conclusion
The VAR model offers a complete dynamic system of solely real estate variables to provide international real estate investors and policy makers with the following meaningful findings to help them in their decision-making:
 The real estate market cycle is different from and partially independent of the underlying business cycle for the domestic economy. This concurs with extant literature that real estate cycles can be intrinsic.
 The real estate market cycle is more exaggerated in the construction and development industry than rents and vacancy.
 The vacancy cycle slightly leads the rental cycle.
 New construction completions tend to peak when vacancy peaks. 
